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Abstract 
 
Herring populations to the northwest of Ireland are considered to constitute a single stock. They 
consist of a diverse array of autumn, winter and spring spawning components. They have been 
subject to large catches in the past. Landings peaked at 50 000 t in 1987 and have shown a slow 
decline since, as 2 dominant year classes, born in the 1980s, declined. No strong year classes have 
appeared since, and the stock is now outside safe biological limits. The time series of data available 
for stock assessment only covered the period 1970- present, even though routine sampling began 
after the end of World War I. In order to examine the stock trajectories over time, all catch at age data 
for the period 1921-1970 were compiled and analysed. The study revealed large fluctuations in the 
size of the stock and its productivity over time. Occasional strong cohorts occurred either singly, or in 
close together within 5 years of each other, and were observed at roughly 20-40 year intervals. 
Interspersed with this were long intervals of poor recruitment. Further historical analyses of 18th and 
19th century records confirm this general periodicity. Overall results were examined in the context of 
time series of sea surface temperature data. The study can provide a basis for development of a long 
term management plan for the stock, using management strategy evaluation (MSE). The implications 
of this work, for the rational management of this stock for the future, are discussed.  
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Introduction 
Atlantic herring, Clupea harengus L.,  populations north and west of Ireland consists of autumn, 
winter and spring spawning components.  Populations in ICES Division VIa(south) and Divisions 
VIIb and VIIc are considered to comprise a single stock, see Figure 1. Before 1982, all herring in 
Division VIa were assessed together, but were thereafter separated for assessment and management 
purposes. This was based on differing stock dynamics and the realisation that there were discrete 
spawning components in each area (ICES, 1981). 
ICES working groups have considered this herring stock since early 1970s.  The time series of data 
available for stock assessment only covered the period 1970- present, even though catch at age data 
were available for the period 1957-1969, partly from the old combined VIa assessments, conducted 
prior to 1982. In addition, routine biological sampling of catches was performed from 1921 to 1947, 
though these data have never been collated.  
 
Reported landings peaked at 50 000 t in 1987 and have shown a slow decline since, as 2 dominant 
year classes, born in the 1980s, declined. No strong year classes have appeared since, and the stock is 
now considered to be outside safe biological limits. Recent ICES advice has consistently been that 
fishing should not proceed without a rebuilding plan being put in place (ICES, 2011). It is the purpose 
of this short study, to collate previous data to extend the time series available for stock assessment. 
From this it is possible to obtain a better knowledge of the dynamics of the stock over a longer period, 
and to understand its current state in a better historic context.  
 
Materials and methods 
 
Data reconstruction 1888-1956 
 
Catch (by weight) data were available from the Reports of Sea and Inland Fisheries for Ireland (1888-
1956), ICES Bulletin Statistique (1903-1956), which were also available online on the ICES website, and 
were cross-referenced as a quality check. The best estimates of catches by year for the area 
corresponding to the modern stock area were compiled according to the text table below, and are 
presented in Figure 2. 
 
Years Country Reference 
1888-1903 All Sea and Inland Fisheries Reports (Ireland) 
1903-1956 Ireland, UK Sea and Inland Fisheries Reports (Ireland) 
1903-1956 Belgium, France, 
Germany, Netherlands 
ICES Bulletin Statistique 
 
The Sea and Inland Fisheries Reports (Ireland) landings agree with the data reported to ICES. It is 
known that the Irish statistics reported to ICES included foreign landings (ICES, 1929). The Scottish 
and English Bulletin Statistique could not be used, because it was impossible to segregate them 
according to modern stock area. The Sea and Inland Fisheries Reports (Ireland) are thought to 
represent the vast majority of Irish and UK catches from the stock. European continental country 
catches from Bulletin Statistique were used, because there is no record in the literature of these vessels 
landing into Ireland. Only in the period 1928 to 1938 were catches from continental countries 
substantial, and from 1930-1938 they greatly exceeded the Irish and UK catches combined.  
 
Catch in numbers at age (winter rings) was available from the reports of the Dove Marine Laboratory 
for the years 1921-1939. These samples were from landings into Irish ports, representing fisheries 
either for autumn or spring fisheries. It is accepted that the autumn spanners taken in the “harvest 
fishery” are separate from the spring component (Farran, 1937), so an attempt was made to allocate 
samples to catches of each component separately.  It was difficult to allocate these samples to the 
appropriate landings because separate catch data are not available for the two components. The best 
approach was considered to be to use the proportion of samples of each component in a given year. 
This approach makes the best use of both types of samples. Also, it was recognised that there was a 
significant positive regression between landings per year and number of samples. This suggests that 
the number of samples is related to the quantity of landings. 
 
Data reconstruction 1957-1969 
The following data were available for this period: 
Catch-numbers-at-age VIa   1957-1980 (ICES, 2004) 
Catch in tones   VIa (south of 57oN) 1967-1980 (ICES, 1978) 
     VIIbc   1970-1980 (ICES, 1981). 
The data presented in HAWG 1978 could not be used because they were for the area south of 57oN, 
rather than south of 56oN, not corresponding to the modern spatial assessment unit. The methods by 
which these data were compiled and collated are presented in ICES 2011, Annex 7.  
A population model was produced by combining these data with the data used by ICES. The 
methods by which this was conducted are described in ICES (2011). The separable Virtual Population 
Analysis (sVPA) (Darby and Flatman, 1994) was used as this is currently the standard procedure for 
this stock. Based on the results of this, a stock recruitment relationship was fitted using a segmented 
regression and Julio’s algorithm. Data from the non-converged VPA were excluded, following 
standard procedures used by ICES. The model was fitted with and without the exceptionally strong 
cohorts.  
 
Results and Discussion 
The best estimate of catch in tonnes estimated for VIaS and VIIbc over the time series is presented in 
Figure 2.  It can be seen that catches exceeded the long term mean only in the period 1910-1912 and in 
1928. However they exceeded the mean again in 1966 remaining above until 2008.  ICES (2011) 
considered that German Democratic Republic (East German) landings in VIaS may be 
underestimated. However the current archival work and an analysis of the data available from the 
ICES website show no records of GDR having fished this stock.   
The catch data are considered to be inaccurate. There are a number of reasons for assuming this. It 
was not possible to distinguish UK landings to UK ports 1888-1949 by stock area. Using landings into 
Ireland is the best approach possible, but it is likely that some UK landings to UK ports are 
unaccounted for. English trawlers from Fleetwood were known to catch herring in the “Klondyke” 
ground, that straddles the modern boundary with the VIaN herring stock (Le Gall, 1926). Yet these 
catches do not appear in any of the landings statistics for UK ports. A proportion of these may have 
been landed into Ireland, and if so, they are captured in the current study. However it is unclear to 
what extent these vessels landed into Ireland. It is also not clear if European continental vessels 
(Belgian, French, German and Dutch) landed into Ireland, if at all, during this period. However there 
are no records of such landings. If they did land into Ireland, then the current study data are 
overestimated. 
A striking feature of the archival data from the 1930s was the quantity of landings by French vessels. 
French statistics are unavailable before 1928. In that year 127 t was reported, and this increased in an 
almost linear fashion to over 9,600 t by 1938, after which no catches were reported. Much of these 
catches were reported from VIIbc. It is likely that a proportion of these catches are of the 
neighbouring Celtic Sea and VIIj stock, but the extent of this is unknown.  
The catch at age data for the extended modern series (1957-2010) are presented in Figure 3. The well-
documented 1981 and 1995 cohorts are clearly visible, but the 1963 cohort also appears exceptionally 
strong.  The strength of this cohort was noted by Bracken and Phillips (1970), though was 
subsequently overlooked by ICES.  The extended modern population assessment, presented in Figure 
4 is not a good indicator of current stock status, but in the converged period shows the development 
of the stock. The increase in catches to above the long term mean, in 1966, was driven by the 1963 
cohort. This cohort had disappeared from the fishery by the mid 1970s and no similarly strong cohort 
replaced it. However catches remained well above the mean for many years after that. During the 
1970s catches continued to increase, as the fishing fleet developed (Molloy, 2006), recruitment 
fluctuated at a lower level and fishing mortality increased markedly to over 0.5 (Figure 4). The return 
of high recruitment in the 1980s sustained the high catches until the early 1990s. Since then F has 
remained very high and the stock fell to low levels as catches remained well above the long term 
mean. 
The re-constructed catch at age data for the period 1921-1935 are presented in Figure 5.  The data for 
1937-1939 are based on few samples, mainly of autumn spawners and are not considered a good 
indicator of overall age structure. These data provide further information on recruitment cycles. It is 
very clear that the 1914, 1920, 1924 and 1925 year classes were strong. Farran (1930) produced an 
analysis of these data showing the same pattern of recruitment (Figure 6). The very high catches in 
the first decade of the 20th century were surely associated with exceptional recruitment, and Storrow 
(1922) considered that the strongest year class in that earlier period was that of 1906. 
Apart from the 1930 cohort recruitment seems to have been weak from 1926 onwards, and the stock 
can be considered to have declined. When the large French catches, of the 1930s are included it seems 
reasonable to assume that overall fishing mortality on the stock must have been quite high, at a time 
of such low recruitment.  
For the period before 1888 comprehensive catch statistics are not available. However from reports 
contained in two enquiries into the state of Irish fisheries (Commission of Enquiry. 1836; 1886) it is 
noted that the following periods were associated with outstanding herring fisheries: 
• 1773 - 1783  
• 1808 – 1816  
• 1830s  
• 1850s 
• 1880s/1890s  
It may be assumed that these coincided with periods of good recruitment.   
Grainger (1978; 1980) found significant negative correlations between sea surface temperature (SST) 
and catches from the west of Ireland component of this stock at a time lag of 3-4 years later. This 
indicates that recruitment responds favourably to cooler temperatures. Cannaby and Hosrevoglu 
(2009) present long time series of sea surface temperature for this stock area. In Figure 7 these data 
are combined with periods of good recruitment. It can be seen that the strong herring 
recruitments/fisheries correspond with cooler temperatures.  
The stock recruitment relationships displayed in Figure 8 indicate recruitment impairment at SSB of  
about 76,000 t or 79,000 t, corresponding to low-only or  low/high recruitment regimes. This suggests 
that a suitable limit biomass reference point could be set at about 76,000 t. SSB below this can be 
considered associated with risk of recruitment impairment.  
From a study of the history of this stock over the past two centuries, it is possible to place the current 
understanding of stock status in a better context. Although the current status is uncertain, even the 
most optimistic assessment run shows the stock to be at risk of low recruitment. Recent recruitment 
since the mid 1990s has been estimated to be low. There is limited information on recruitment in the 
assessments available, there is no evidence of any having been above average. Historical analyses 
suggest that good recruitments only occur during cold periods, and the recent years have coincided 
with a warm period. Elevated productivity (good recruitment) is not only associated with cooler 
temperatures, but also with SSB > 60,000  t.  
In earlier years high catches only occurred during periods of high productivity. Since the 1960s there 
have been very high catches, even when recruitment was low. This has led to very high F (long term 
mean = 0.43, since 1970s). This is much higher than the best estimate of Fmsy (0.25) considered by ICES 
(ICES, 2011. The combination of high F preventing recovery during an unfavourable climatic period 
for the stock and a stock size below the level associated with recruitment impairment, all imply a 
stock that is in need of rebuilding measures. The first step in achieving rebuilding of the stock will be 
to reduce F substantially from recent rates.  But rebuilding will be slower if conditions associated 
with low recruitment continue. 
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Figure 1. ICES areas as used for the assessment of herring stocks south of 62°N. reproduced. 
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Figure 2.  Best estimate of international catch (tonnes) since 1888 for herring in the area 
corresponding to VIaS and VIIbc. Long term average catch indicated.  
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Figure 3. Bubble plot of catch numbers at age for 1957-2010 time series of herring in VIaS and VIIbc.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Results of population modelling for period 1957-2011. Clockwise from top left, spawning stock biomass (SSB), 
mean fishing mortality (F) over 3-6 winter ring, best estimate of catch (landings) and recruitment at 1 winter ring. 
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Figure 5. Bubble plot of catch numbers at age for 1921-1936 time series of herring in VIaS and VIIbc.  
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Figure 6. Relative strength of cohorts hatched between 1914 and 1925, from analyses conducted by Farran (1930).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.  Long time series of sea surface temperature (SST) reproduced from Cannaby and Husrevoglu (2009). Historic 
instances of high recruitment and/or large fisheries are indicated by arrows. 
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Figure 8. Stock recruitment relationship, fitted using a segmented regression and Julio’s algorithm for the period 1957-2004. 
Blue line indicates model fitted to data with the large (1963, 1981 and 1985) cohorts removed.  
 
 
 
 
  
 
